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Research of scanning slit with minimal penumbra
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Abstract; Scanning slit is an important element for controlling exposure dose in step-and-scan
lithography. Too large a penumbra of the blade’s edge in scanning slit could affect the exposure
performance. Firstly, according to the illumination principle of a step-and-scan lithography, the
calculation formula of the penumbra of the blade’s edge at the reticle plane was derived by analyzing
the relationship between the intensity distribution of the reticle and the thickness and location of the
blades in the scanning slit. The theoretical value of the penumbra of the coplanar and noncoplanar
blade’s edges at the reticle plane was verified using the simulating light model of a 0. 75 NA

lithography. Secondly, a high-accuracy scanning slit apparatus with four coplanar blades was
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developed,which not only meets the synchronization performance requirements of the step-and-scan

lithography, but also reduces the penumbra of the blade’s edges in the X and Y-direction. Finally, the

dynamic performance of the scanning blades and the actual penumbra of the blade’s edges at the reticle

plane were also experimentally tested. The test results indicate that when the scanning speed reaches

470 mm/s, the dynamic position error of the blade is within =30 pm and the penumbra of all edges

does not exceed 0.5 mm and meets the requirements of the 90 nm step-and-scan lithography.

Key words: photolithography; step-and-scan; scanning slit;synchronization; penumbra of blade’s edge
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Fig. 1 Exposure diagram of step-and-scan lithography

machine
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Fig. 2 Schematic diagram of trapezoidal light-intensity

in illumination system
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Fig. 3 Structure diagram of non-coplanar scanning blades
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Fig. 4 Schematic diagram of penumbra of blade’s edge in

scanning slit
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Fig.5 Principle diagram of scanning slit with four

coplanar blade’s edges

3.2 AFBETIORTEITE

TIR ARG B b by Z g7 A AR i AR
i) 73 10 68 AR B JU LT T HY Z 1 TR ARl ) 1
AEXT HE Y B8 26 0 T 1 5 ok R AR AR A S TS I )
FERE S0 . FIRAE I 7w RER B R A 4
HA WY I RES BN : #7 [RF i E=200 GPa, %k
K 2250 a=1.39X10 ° % p=2 100 kg/m’ . 34
S 2=210 W/m « K, lL# C=1 900 J/kg « K",
TJIRRSF R 50 mm X 50 mm X 10 mm (& X $5 X
).

FAH B 4 v DU A T R S5 R AR TR] S DR Ot A 3
H—J1 R X, T -SG5, o+
WOG 8 B Bk H 2R 6 kHz, Bk E 8 10 m],



1050 i KE TR

5% 26 &

W4 OGN SE N 35 mm(X) X 14 mm(Y) , fE
Pz N 50%, J1 AR5 B A KX
WY 6 WoR IR TE 2 i ik eh o i 2k R
1 h J5 35 8 #OF 7 0 i 5 R E B2 100 °C
K7 Jitos o J1 3k B S E 5 AR UY Z 5 iy
B, BT A i e KIEAE 298 0. 05 mm,

110

100
= 90
2 /
£ g0
=/
2 70 /
5 0
i
§ 50 /
=
Z 40
o

20(! 0.5 1 1.5 2 2.5 3

t/h
&6 1 A dme R B B I 1] ) 28 £ it 2k

Fig. 6 Maximum temperature graph of blade with time

Z deformation
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Fig. 7 Deformation pattern of blade along x direction

after thermal stability
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0. 75 NA step-scan lithography
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